The dynamics equation of the compound pendulum system is studied with the Melnikov method. The critical condition of the chaotic motion is discussed and the critical curve of the parameter is drawn. With the Runge-Kutta method, Numerical simulations are given, which verified the analytical results. It is concluded that there exists Smale horseshoe chaos arising from transversal intersections of stable and unstable manifold of the homoclinic orbit. The critical values for chaos first increase and then decrease with the increasing of the driving torque.
Introduction
The compound pendulum system has a wide application prospect in many fields, such as architecture, space, military, medical, agriculture and so on. Therefore, it is of great practical significance to study the dynamic behavior of the compound pendulum. The concept of chaos proposed in nonlinear dynamics has been extensively studied in many fields [1] such as mathematics, physics, biology, engineering, chemistry and so on. In practical work, considering the driving torque and the actual damping torque, the compound pendulum motion presents nonlinear dynamic characteristics and may produce the motion state of bifurcation and chaos. Now, the research on compound pendulum system is mainly used in crusher [2] [3] [4] , power generating turbine [5] , air floatation platform [6] , bionic mechanical [7] . In this paper, the chaotic motion of a kind of complex pendulum system is studied. The critical condition of its chaotic motion is discussed and the critical curve of the parameter is drawn. With the Runge-Kutta method, the system is simulated and the phase diagram of the system is drawn, which confirm the analytical results.
Mathematical Model
The model of the compound pendulum device is shown in Figure 1 . The compound pendulum is a dynamic system, in which a rigid body swings around a fixed horizontal axis with the action of gravity and it is also called a physical pendulum. The mathematical model for the compound pendulum:
Where m represents quality, I represents the moment of inertia for the rotating shaft O , h represents the distance between the center of mass and the axis of the rotating shaft, k  represents the damping torque in motion, cos p t  represents the driving torque, sin mgh   represents the heavy torque at any other angular displacement .
Chaotic Motion for the System
Considering the vibration at any angle, sin  is expanded into 3 1 sin 6       , While the first two items are taken, the gravitational moment can be expressed:
which are parameters related to damping, natural frequencies, nonlinearity and driving torque, the mathematical model can be transformed into [8] : (2)can be transformed into a state equation:
Considering the situation of damping torque and weak driving torque, the system (3) is converted to ()
The system (5) is a Hamilton system [9] , whose Hamilton quantity is 
The equilibrium point of the system is (0,0), ( 6,0), ( 6, 
Using the Melnikov method [11] ,the Melnikov function of system (5) along homoclinic orbits (6) 
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Thus, the necessary condition for the cross intersecting of the homoclinic trajectories is:
that is,
At the moment, chaos exists in the system in the sense of Smale horseshoe [12] . Figure 2 . The critical curve of chaotic motion for system (5).
As shown in Figure 2 , when the parameter is located below the curve, the system generates chaotic motion. With the increase of driving torque, the chaotic threshold increases first and then decreases.
Numerical Simulation
Numerical results of system (5) (5) is shown in Figure 3 . As is shown from Figure 3 , when 1 (3, 6) ad  locates below the critical curve. Therefore, the chaotic motion is generated under this set of these parameters. The theoretical analysis is consistent with the numerical simulation results. 
Conclusion
In this paper, the chaotic motion of a kind of complex pendulum system is mainly studied. The stable manifold of the homoclinic orbit and the cross section of the unstable manifold are the mechanism of the chaotic motion of the system. The critical and parameter critical curves of the chaotic motion of the system are discussed and given. With Runge-Kutta method, the phase diagram is obtained, and the results of theoretical analysis are verified.
